ABSTRACT. The purpose of the present study was to determine the alterations in haematological values at 0, 12, 24, 36, 48, 60, 72, 84 and 96 hours of storage in bovine and ovine venous blood samples stored at 4˚C and 24˚C in EDTA-coated tubes. Twenty healthy animals, including ten 4-year-old cattle and ten 2-year-old sheep constituted the study material. Bovine blood samples stored at 4˚C produced reliable results for the WBC, RBC, Hb, PCV, MCV, MCH and MCHC levels with the exception of PLT level as PLT levels decreased when the PLT stored 24 hours or longer times. On the other hand ovine blood samples stored at 4˚C for 24 hours or longer, all the parameters measured (WBC, RBC, Hb, PCV, MCV, MCH, MCHC and PLT levels) gave reliable results indicating that ovine blood parameters can be used effectively and safely. Furthermore, in the bovine blood samples, MCHC levels were decreased as from 60 hours stored at 24°C and WBC levels were decreased in the ovine blood samples stored 48 hours or longer at 24°C. However, the blood samples stored at 24°C, the measurement of the RBC, Hb, PCV, MCV, MCH and PLT levels produced reliable results.
INTRODUCTION

I
n veterinary medicine, the complete blood count is a routine diagnostic procedure (Furlanello et al., 2006) . In some cases, blood samples required for haematological analyses may be collected from animals raised at farms remotely located to the laboratory. In such cases, the analysis of these samples may be delayed (Hulme-Moir et al., 2006) . Hence, the storage conditions of these blood samples during transport to the laboratory and until the time of analysis may affect test results. In fact, false and misleading results can be obtained with blood samples stored under inappropriate conditions (Ihedioha and Onwubuche, 2007) . In some cases, blood samples may be required to be transported to the laboratory for several hours at room temperature, without being frozen. In some other cases, the sampling of a high number of animals and the collective transport of the resulting samples may significantly delay the conduct of laboratory analysis (Furlanello et al., 2006; Ihedioha and Onwubuche, 2007) . The purpose of the present study was to determine the alterations in the haematological values (WBC, RBC, Hb, PCV, MCV, MCH, MCHC and PLT levels) of bovine and ovine venous blood samples stored at at 0, 12, 24, 36, 48, 60, 72, 84 and 96 hours of storage.
MATERIALS AND METHODS
Twenty healthy animals, including ten 4-year-old cattle and ten 2-year-old sheep, which were raised at the Research and Practice Farm of Kafkas University, Faculty of Veterinary Medicine, constituted the study material. Two blood samples were taken from the jugular vein of each animal, into EDTAcoated tubes. One of these samples was stored at 24°C and the other was stored at 4°C. Both samples were analyzed at 0, 12, 24, 36, 48, 60, 72, 84 and 96 hours of storage with the use of an automated hematology analyzer (MS4e, Melet Schloesing Laboratories) for White Blood Cell (WBC), Red Blood Cell (RBC), hemoglobin (Hb), Packed Cell Volume (PCV), Mean Corpuscular Volume (MCV), Mean Cell Hemoglobin (MCH), Mean Cell Hemoglobin Concentration (MCHC) and platelet (PLT) levels. Previous the analysis the device was calibrated with control blood. The measurement is automatically made by the device according to formula provided below which can be applied all the species: "Measured Value x Control Bench Adjustment Factor x Correction coefficient factor based on the type of animals used= Target Value/Results" For haematological examination, blood smears were prepared with these samples at the time points indicated above. For this purpose, a drop of blood was spread along a clean slide. After being air-dried, the smear was fixed with methyl alcohol for two minutes. Subsequently, the smears were stained with 10% Giemsa solution for 30 minutes. Following staining, the smears were washed with distilled water and air-dried. Finally, the blood smears stained with Giemsa solution were examined under a light microscope (Olympus BX51, Olympus Corp., Japan) at 100X10 magnifications. Statistical evaluation of the results was done using SPSS ® (SPSS 20, IL, USA) software. The differences between the values obtained in this study, for the different storage periods, were analyzed with analysis of variance (ANOVA), whereas the differences for the storage temperatures were analyzed with the t-test (Kuipers et al., 2007) . Differences were considered significant if the P value was less than 0.05.
RESULTS
The mean WBC, RBC, Hb, PCV, MCV, MCH, MCHC and PLT levels measured in the ovine and bovine blood samples stored at 4°C and 24°C are presented in Tables 1, 2 , 3 and 4. The graphic representation of the alterations observed in these values is shown in Figures 1 and 2 . Throughout the study, no statistically significant alteration was observed in the WBC, RBC, Hb, PCV, MCV, MCH and MCHC levels of the bovine blood samples stored at 4°C. On the other hand, the PLT values measured at 0 hour were determined to significantly differ from the PLT values measured at 24, 48 and 96 hours (p<0.05). Throughout the study, no statistically significant alteration was determined in the WBC, RBC, Hb, PCV, MCV, MCH and PLT levels of the bovine blood samples stored at 24°C (P>0.05). On the other hand, the MCHC values were decreased over the time, and the differences between the values meas- Normal blood from cow (a, b, c) significantly increased to 6 or 7 (Figure 3i ). The morphological changes that occurred at 24 and 36 hrs of storage were similar to those that occurred at 12 hrs. However, the degenerative changes progressively increased with the storage duration, at 48, 60 and 72 hrs. While nuclear swelling increased, the staining intensity of the nuclear chromatin decreased and displayed a light purple color (Figure 3j , Figure  31 , Figure 3k ). The number and size of the vacuoles in the neutrophils and eosinophils increased, and due to the merge of these vacuoles, the cytoplasm acquired a foam-like or moth-eaten-like appearance (Figure 3l) . Similarly, the degenerative changes that occurred in the lymphocytes were observed as nuclear and cytoplasmic swelling, and the cell and nuclear membranes becoming inconspicuous ( Figure  3m , Figure 3n ). Furthermore, some cells displayed picnosis, rupture of the cell membrane, and in some cases, fragmentation of the basophilic nuclei (karyorrhexis) (Figure 3o ). It was observed that, as from 84 hrs of storage, the majority of the cells underwent significant degeneration to an extent that they could not be identified (Figure 3p ). In cases of more advanced degeneration, the cells were collapsed. In these collapsed cells, the nuclear membrane was disrupted, the cytoplasm was disappeared, and only an unbound residue of nuclear chromatin was visible. This unbound residual nuclear chromatin was in the form of a large, light purple colored web-like structure. Owing to their disorganized nuclear chromatin, and woven-like fine fibers, these degenerated cells are also referred to as basket cells (Figure 3r ). At this stage, the eosinophils was also started to lose their granules (Figure 3s ), while the specific granules either acquired a paler color or disappeared, the vacuoles became more conspicuous. The examination of the blood smears, prepared at 12-h intervals with the bovine and ovine blood samples stored in a refrigerator for 96 hrs, revealed similar degenerative changes to have occurred in these samples. However, when compared to the smears prepared with the blood samples stored for the same time period at 24°C, it was ascertained that the degenerative changes observed at 12 hrs in the lymphocytes, neutrophils and monocytes of the blood smears prepared with the refrigerated ovine and bovine blood samples, were at a minimum level. The haematological examination of the blood smears prepared at 12-hr intervals with the ovine and bovine blood samples stored at 24°C and 4°C for 96 hrs showed that, haematologically, similar morphological changes had occurred in these samples. The results of the haematological examination of the smears prepared with the blood samples taken at 0 hr were normal (Figure 3a-f) . Degenerative changes in lymphocytes, neutrophils and monocytes were first observed at 12 hrs in the ovine and bovine blood samples stored at 24°C. These degenerative changes were observed as welldelineated, small and conspicuous vacuoles in the cytoplasm of the neutrophils and lymphocytes (Figure 3g) . Furthermore, picnotic changes were also observed in the nuclei of some of the neutrophils (Figure 3h ). Degenerative changes observed in the nuclei of the lymphocytes at 12 hrs included the swelling of the nucleus, disappearance of the borders of the nucleus, budding, and the formation of small vesicles (Figure 3h ). In addition, the number of nuclear segments of the neutrophil granulocytes KIRMIZIGUL A.H., GOKCE E., SOZMEN M.
The degenerative changes increased as from 12 hrs.
On the basis of the comparative assessment of the morphological changes that occurred, it was determined that, throughout the study, the damage to the blood samples stored at 24°C was much greater than that to the samples stored in a refrigerator. The light microscopic examination of the blood smears, prepared with bovine and ovine blood samples shortly after their collection, demonstrated that, while in general, the erythrocytes had maintained their normal morphological structure, occasionally schistozoids were also present. It was observed that, in the refrigerated blood samples, erythrocytic morphological changes were relatively limited. After being stored at 24°C for 24 hrs, the ovine blood samples presented with erythrocyte macrocytosis, large platelets and clusters of platelets, whilst the bovine blood samples only presented with large platelets and clusters of platelets. On the other hand, in the blood samples stored at 4˚C, such lesions were delayed beyond 12 hrs and became more evident as from 36 hrs.
DISCUSSION
Occasionally, haematological analyses of blood samples collected from farm animals may delayed as farms located distantly from the laboratories. In such cases, the storage conditions of the blood samples may affect both the maintenance of quality of the samples and the results of the haematological analyses performed (Hulme-Moir et al., 2006) . Literature reports suggest that the storage conditions and storage duration of blood samples taken from humans and various animal species affect the haematological values measured (Olsen et al., 2001; Gulati et al., 2002; Furlanello et al., 2006; Hulme-Moir et al., 2006; Kuipers et al., 2007; Imeri et al., 2008; Hadzimusic et al., 2010; Athanasiou et al., 2016) . In the present study, blood samples collected from sheep and cattle were stored at 4°C and 24°C, and were used for haematological analysis. In a previous study conducted by Ihedioha et al. (2007) , bovine and caprine blood samples were stored at 5°C and 30°C for 120 hrs, and it was determined that while neither of the storage temperatures caused any alteration in the WBC levels of the bovine blood samples, both storage temperatures caused a significant decrease in the WBC levels of the caprine blood samples at 120 hrs. Similarly, in the present study, no statistically significant difference was present between the WBC levels of the bovine blood samples stored at 4°C and 24°C up to 96 hrs of storage. Furthermore, in the ovine blood samples stored at 4°C, the WBC levels measured at 0 hr and 96 hrs did not significantly differ from each other. On the other hand, significant decreases were observed in the WBC levels of the ovine blood samples stored at 24°C. The statistical comparison of the WBC levels of the ovine blood samples stored at 4°C and 24°C demonstrated significant differences at 60, 84 and 96 hrs of storage (P<0.001). The WBC levels of the ovine blood samples stored at 24°C were significantly decreased as from 48 hrs. This decrease was attributed to the degeneration of the white blood cells, and it was considered that ovine leukocytes were more sensitive than bovine leukocytes.
In previous research carried out on blood samples of various domestic and wild animal species, including cattle, goats, dogs and kangaroos, revealed that RBC and Hb levels did not alter with different storage temperatures and durations (Hulme-Moir et al., 2006; Médaille et al., 2006; Ihedioha and Onwubuche, 2007) . In a study carried out in turkeys, while RBC and Hb levels did not alter in blood samples stored at 4°C and 24°C up to 72 hrs, these parameters were decreased over time in blood samples stored at 33°C (Hadzimusic et al., 2010) . In agreement with this literature report, in the present study, the alterations determined in the RBC and Hg levels of the bovine and ovine blood samples stored at 4°C and 24°C for 96 hrs were found to be statistically insignificant. Furthermore, in the present study, no statistically significant alteration was seen in the PCV levels of the ovine and bovine blood samples stored at 4°C and 24°C for 96 hrs. On the other hand, in previous research conducted in dogs, PCV values increased over time, in blood samples stored at 4°C and 24°C for 48 hrs (Furlanello et al., 2006) . Furthermore, it has been reported that increase in storage temperature may cause an increase in PCV values (Ihrdioha and Onwubuche, 2007; Mahmoodi et al., 2006; Hadzimusic et al., 2010) . Literature reports indicate that, MCV levels in animals (dog, turkey, western grey kangaroo) and human observed in the MCHC values of the blood samples stored at 24°C for 96 hrs which was attributed to the fragmentation of the erythrocytes. Different results have been reported for PLT levels in several studies performed with canine, equine, human and guinea pig blood samples (Olsen et al., 2001; Clark et al., 2002; Médaille et al., 2006) . In a study conducted with equine blood samples stored at 4°C and 24°C, no alteration was determined in the PLT values of the blood samples stored at both temperatures by the end of the 24 th hour of storage. However, in the equine blood samples stored at 4°C, an increase was detected in comparison to the baseline values by the end of the 48 th hour (Clark et al., 2002) .
While PLT values have been reported to remain stable for a period of 4 days in human blood samples stored at room temperature, these values have been reported to decrease during the first 24 hours of storage and then remain stable in canine blood samples stored at room temperature (Furlanello et al., 2006; Médaille et al., 2006) . In research conducted on dogs and reindeers, PLT values were decreased in blood samples stored at 4°C, and this decrease has been attributed to the aggregation of platelets (Pait et al., 1994; Médaille et al., 2006) . In the present study, in the bovine blood samples stored at 4°C, the PLT levels were significantly decreased as from the 24 th hour of storage (P<0.05). Although a slight decrease was also observed at 24 hrs in the bovine blood samples stored at 24°C, this alteration was found to be statistically insignificant. Similar to the results obtained in previous research, the decrease observed in the PLT levels of the bovine blood samples in the present study was attributed to platelet aggregation.
No statistically significant difference was determined to exist between the PLT levels of the ovine blood samples stored at 4°C and 24°C. This finding was considered to be significant in that it demonstrated the greater resistance of ovine platelets to aggregation in comparison to bovine platelets. In conclusion, in the blood smears prepared with the bovine and ovine blood samples stored at 4°C and 24°C, morphological changes were observed in both leukocytes and erythrocytes at various time points. Due to the decrease of the PLT levels as from 24 hrs in the bovine blood samples stored at 4°C, for bovine blood samples stored at this temperature, the measblood samples stored at 4°C, 24°C, 33°C and 36°C increased progressively as from the 12 th hour of storage (Gulati et al., 2002; Furlanello et al., 2006; Hulme-Moir et al., 2006; Médaille et al., 2006; Hadzimusic et al., 2010) . In a study, in which blood samples collected from horses were stored at 4°C and 24°C for 48 hrs, no alteration was detected in the MCV levels (Clark et al. 2002 ) . Likewise, in the present study, no statistically significant alteration was detected in the MCV levels of the ovine and bovine blood samples, yet, a slight increase was observed as from the 12 th hour of storage in the MCV values of the bovine blood samples stored at 24°C. It has been suggested that an increase in MCV values may result from an increase in the water content of erythrocytes (Gulati et al., 2002) . In the present study, the increase detected in the MCV values was attributed to similar reasons. In previous research carried out on humans and kangaroos (deBaca et al., 2006; Hulme-Moir et al., 2006; Mahmoodi et al., 2006) , MCH values did not alter in blood samples stored at various temperatures (4°C, 24°C, 25°C, 30°C, 36°C, 37°C). Similarly, in the present study, the MCH values did not statistically alter throughout the study in the ovine and bovine blood samples stored at 4°C and 24°C. Several literature reports indicate that, in blood samples which were collected from humans, dogs and western grey kangaroos for haematological analyses and were stored for 48 hrs, MCHC values displayed significant decreases (Gulati et al., 2002; Furlanello et al., 2006 Hulme-Moir et al., 2006 Mahmoodi et al., 2006) , which occurred at greater levels at storage temperatures of 24°C and 36°C (Furlanello et al., 2006; Hulme-Moir et al., 2006) . No alteration was detected at 4°C (Hulme-Moir et al., 2006) . In another study carried out on horses, no alteration was detected in the MCHC values of blood samples stored at 4°C and 24°C (Clark et al., 2002) . Similarly, in the present study, the MCHC levels did not display any alteration throughout the study in the ovine blood samples stored at 4°C and 24°C. On the other hand, the MCHC values were significantly decreased as from the 60 th hr, in the bovine blood samples stored at 24°C (P<0.05). While no statistically significant alteration was determined in the Hb and HCT values of the bovine blood samples, the decrease was KIRMIZIGUL A.H., GOKCE E., SOZMEN M.
